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The invention is related to the technology of the deposition of composite surface
systems possessing high resistance to wear, erosion and chemicals. More
specifically, the invention is related to the technology of the deposition of coatings
containing tungsten carbides and mixtures of them with each other and with tungsten

10 or free carbon.

. Superhard erosion and corrosion resistant coatings, including those containing
tungsten carbides, are widely used in manufacturing various articles and tools in
present-day mechanical engineering. Such coatings possess high resistance to

15 erosion, chemicals and wear, and thus substantially increase the life of mechanical

engineering products and of tools operated under demanding conditions.

Prior art

20  Patent GB 2 179 678 describes a surface composite system with high resistance to

wear and erosion consisting of a mixture of tungsten (for plasticity) and tungsten

. carbide W,C (for hardness). These hard coatings made from a fine-grain mixture of
tungsten carbide with metallic tungsten were obtained by means of physical vapour

deposition (PVD) by spraying tungsten and carbon from separate sources. The

25  tungsten and carbon are condensed on different-type substrates to form the said alloys

of tungsten with tungsten carbide.

However, the rate of synthesis of tungsten carbides is very low, and internal stresses
in the coatings increase sharply as the tungsten-carbon layer grows, resulting in
30 delamination of the coatings. For this reason, it is impossible to produce sufficiently

thick coatings by the PVD method. Furthermore, the physical vapour deposition
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systens possessing high resistance to wear, erosion and chemnicals. Mre
specifically, the invention is related to the technology of the deposition
of coatings containing tungsten carbides and m xtures of themw th each
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5  The chemical vapour deposition process (CVD) eliminates these disadvantages. The
CVD process can be used to deposit wear and erosion resistant coatings on substrates

and on items of complex shape.

In a typical CVD process for the deposition of composite coatings, the substrate is
10 heated in the reaction chamber, and the previously mixed gas reagents are then
introduced into this chamber. By varying the composition of the reaction mixture
. and of the parameters of the process (temperature of the substrate, composition of the
reaction mixture, flow rate, total pressure in the reaction mixture, temperature of the
gases supplied, etc.), it is possible to obtain a variety of coatings.
15
Among the CVD methods of tungsten carbide coating deposition, only the fluoride
method makes it possible to form tungsten carbides of high quality at a low
temperature. For this purpose, one may use thermal decomposition of a mixture of
tungsten hexafluoride, hydrogen and carbon-containing gas in the CVD process.
20
Various reagents were used as carbon-containing gases, e.g. dimethylether, amines,
. propylene, etc., with the aid of which one may synthesise tungsten carbide of one or

two compositions.

25 For example, the thermal decomposition of dimethylether (DME) (EP 0 328 084 B1)
results in the formation of the mixture W+W;C; W+ W,C+W;C; W+W,C in the form
of bilaminar coatings. The internal tungsten layer of the coating is obtained from the
as mixture WF¢ (0.3 I/min), H, (3 I/min). Ar (4.0 I/min) at 460°C. The external layer
containing a mixture of tungsten with WC is obtained from a mixture of WF (0.3

30  V/min), H; (3 V/min) and DME (0.4 1/min) at 460°C at a total pressure of 40 torr. The
external coating W+W,C is obtained from a mixture of WFg (0.3 1/min) and DME
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Patent JP 9113527 A 19910204 describes how tungsten carbide WC is obtained from
a gaseous mixture of WFg, H, and amines with an atomic ratio of C to N equal to
1:20 and H to W equal to 1:15 at 400-900°C. The patent cites the production of WC
from the mixture WFg:trimethylamine:H,=1:2:3 (the atomic ratios are C/W = 6.0,
H/W = 6.0). The flow rate is 120 cm®/min at 800°C and the total pressure is equal to

atmospheric. A 70 um layer forms in 30 minutes.

Patent JP 8857301 A 19880310 describes how a W3C coating on an aluminium
substrate is obtained from a gaseous mixture of WFq, H, and aromatic hydrocarbon
with atomic ratios C/W equal to 2-10 and H/C exceeding 3 at temperature 250-
500°C.

Patent JP 84280063 A 19841228 describes how a W,C coating on a graphite
substrate is obtained from a gaseous mixture of WFs, C3Hg and H, with inert gas.
The preferred regime: mixture WF4:H;=1:3-1:15 with an admixture of CsHg in the
reaction mixture with molar ratio 0.01-0.3; the temperature of the substrate is 350-

600°C.

Patent JP 84204563 A 19840929 describes how a W,C coating is obtained from a
gaseous mixture of WFe, Hy (molar ratio WFs:H,=1:3-1.15) and cyclopropane with
molar ratio in the mixture 0.01-0.3 at a substrate temperature of 350-600°C. The
example cited is the manufacturing of a W,C coating on a copper substrate from the
mixture WFs: 40, Hy: 320, Ar: 40, C3H;s: 10 cm’/min at 500°C with a growth rate of
3.3 pm/min.

EP A 0305 917 describes how super-hard fine-grain non-columnar laminar tungsten-

carbon alloys are obtained by chemical vapour deposition. The described alloys
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of conpl ex S types gfe substrate, have a net of very fine micro-cracks all over the deposit. Coatings

made from these alloys have inadequate resistance to wear and erosion.

EP 0 411 646 Al describes a multilayer coating containing alternating layers of
tungsten and a mixture of tungsten with tungsten carbides in the form of W-,C, W3C
or a mixture of them. It is demonstrated that such a coating increases the resistance
of the material to wear and erosion. It is known, however, that the maximum
10 composition effect is observed for layers with a distinct boundary between them.
This is obviously not the case for the conjunction of layers of tungsten and the

. mixture of tungsten with tungsten carbide which is characteristic of this patent.

Substance of the invention

15
It follows from the patents cited above that different reagents and different
technologies are used for the production of different types of tungsten carbides. In
this connection, the main aim of this invention is to develop a universal technology
making it possible to obtain all the known carbides, mixtures of them and also new

20  carbides.

. Furthermore, the problem of increasing the hardness of tungsten carbide coatings
remains very important, because such key parameters as strength and wear resistance
are related specifically to hardness.

25
A solution to these and other problems is provided by this invention, due to the
development of a new method for the production of tungsten carbides and mixtures
of them. The main distinguishing feature of the method is the preliminary thermal
activation of the hydrocarbons used in the CVD process. The synthesis of a tungsten

30  carbide layer of a certain composition depends on an activation temperature that



In a typical CVD process for the deposition of conposite coatings, the
substrate is 10 heated in the reaction chamber, and the previously m xed
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5 concentration of hydrocarbon radicals and their associates with fluorine in the
gaseous phase over a wide range. The proposed method makes it possible to alloy
the carbides and/or mixtures of them with fluorine and fluoride-carbon compositions.
Fluorine, as the most active chemical element, strengthens the interatomic bonds
when it penetrates into the carbide lattice. It is the strengthening of the interatomic

10 bonds in the carbide which produces the increase in hardness. This process is similar
to the formation of oxycarbide phases instead of purely carbide structures. On the
. other hand, fluorine stabilises the structure of the low-temperature phases (tungsten

subcarbides) due to the high energy of the fluorine-carbon bond.

15 Along with fluorine as an element, fluorine-carbon compounds with carbon content
up to 15 wt% and fluorine content up to 0.5 wt% can be introduced into the
composition of the tungsten carbide. These admixtures have two roles: firstly, they
increase the hardness of the tungsten carbides; and secondly, they stabilise the
structure of the tungsten subcarbides. Thus, the introduction of fluorine and fluorine-

20  carbon admixtures makes it possible to obtain such tungsten carbides as monocarbide
WC, semicarbide W,C and subcarbides W5C and W,C.

The application of the new tungsten carbides makes it possible to manufacture a
bilaminar coating, the internal layer of which (deposited on the substrate — a
25 construction material or items made of it) is composed of tungsten. The external
layer contains tungsten carbide alloyed with fluorine and possibly with fluorine-
carbon compositions, or mixtures of such carbides with each other and also with

tungsten and free carbon.

30  The construction material with the deposited composition coating has an internal

- tungsten layer of thickness 0.5-300 um. The thickness of the external layer is 0.5-
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In accordance with this invention, tungsten carbides are deposited in the chemical
S5 reactor on the substrate from a gaseous phase consisting of tungsten hexafluoride,
hydrogen, a carbon-containing gas (e.g. propane), and, optionally, an inert gas (e.g.
argon). The carbon-containing gas is thermally activated before being introduced
into the reactor by heating it to 500-850°C. The pressure in the reactor ranges from 2
to 150 kPa. The substrate is heated to temperature 400-900°C. The ratio of carbon-
10 containing gas to hydrogen ranges from 0.2 to 1.7, and the ratio of tungsten

hexafluoride to hydrogen ranges from 0.02 to 0.12.

Within the stated limits, the parameters of the process are determined depending on
which carbide or mixture of carbide with each other or with tungsten or with carbon
15 is required to be produced. Thus, to produce tungsten monocarbide WC, the
preliminary thermal activation of the carbon-containing gas is conducted at a
temperature of 750-850°C. The ratio of propane to hydrogen is set in the interval

1.00-1.50, and the ratio of tungsten to hydrogen in the interval 0.08-0.10.

20 The corresponding parameters for the production of single-phase tungsten

semicarbide W,C are as follows: 600-750°C, 0.75-0.90 and 0.06-0.08. The

. parameters for the production of tungsten subcarbide W3C are: 560-720°C, 0.60-0.65
and 0.050-0.055.

25 A previously unknown tungsten subcarbide, W1,C, with hardness 3500 kG/mm?,
greater than that of any of the known carbides, was obtained by the method proposed
in this invention. For the production of this subcarbide, propane was thermally
activated at temperature 500-700°C. The ratio of propane to hydrogen was within the
interval 0.35-0.40 and that of tungsten hexafluoride to hydrogen was 0.040-0.045.

30



30 1/mn), H2 (3 1/mn) and DME (0.41/nmin) at 460C at a total pressure of
40 torn. The external coating WW2C is obtained froma m xture of WF6 (0.3
1/mn) and DME 2 PCT/RU99/00037 (0.55 1/mn) at 460C at a total pressure of
40 torn. The external coating WHW2C is obtained from a poxrtRure/qjoz¥F6 (0.3
1/mn), Ar (4.5 1/mn) and DVE (0.85 1/min) at 460C and a total pressure
of 40 torr Thik procé3ginetkes #hhdRdibROS bthid ARALADH AGT SR P ERLIRW L NISLED

carbide WC i s obtained from
of the carbides with free tungsten and carbon. The values of the parameters for these

cases are shown in Table 1.

Table 1
No. Composition Propane Propane to Tungsten
activation hydrogen ratio hexafluoride to
temperature, °C hydrogen ratio
1. | WC+W,C 670-790 0.90-1.00 0.07-0.09
2. | WC+W;5C 580-730 0.70-0.75 0.055-0.060
3. | WC+Wy,C 570-700 0.60-0.65 0.045-0.060
4. | Wi3C+W;,C 550-680 0.40-0.60 0.045-0.050
5. | WoC+W3C+W1,C 570-710 0.65-0.70 0.045-0.060
. 6. | WC+W 600-720 0.70-0.90 0.08-0.09
7. | Wo,C+W 600-720 0.70-0.90 0.08-0.09
8. | WC+W 560-700 0.60-0.65 0.055-0.070
9. | WiC+Ww 500-680 0.20-0.35 0.045-0.070
10. | W3C+W,C+W 500-680 0.35-0.60 0.05-0.07
11. | WC+C 750-850 1.50-1.70 0.10-0.12
5
As mentioned above, control of the content of active hydrocarbon radicals within
wide limits is provided by means of the preliminary thermal activation of the initial
carbon-containing reagent. This makes it possible to form carbide phases and
. mixtures of them with free carbon content of up to 15 wt%. The thermal activation

10 of the carbon-containing reagent takes place in a hydrofluoric atmosphere, which
provides additional formation of fluorine-carbon radicals. Radicals of both types
take part in alloying the carbide phases and mixtures of them with fluorine and
carbon, producing an increase in their hardness and enhanced tribotechnical
properties.

15
Internal stresses increase slowly as the coatings of single-phase tungsten carbides

grow; thus, high wear resistance is observed even with quite thick coatings (up to 300
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descri bes how a W2C coating on a graphite
In order to bring about a microplastic effect in the coatings, one can use mixtures of

5  carbides with each other and mixtures of them with tungsten and free carbon, in this
case losing some chemical and electrochemical stability. Note that coatings of
tungsten carbide with free carbon have a reduced friction coefficient in addition to
the said microplastic effect. This is very important where mixtures of carbides with
free carbon are used as wear-resistant tribotechnical coatings in friction assemblies.

10
By using the proposed invention and also the described new method of coating
. deposition, one can also obtain multilayer coatings with alternating layers of tungsten
and layers containing tungsten carbides alloyed with fluorine and possibly with
fluorocarbon compositions, including mixtures of these carbides with each other and
15  with tungsten or carbon. The ratio of thicknesses of the alternating layers ranges
from 1:1 to 1:5.

The construction material itself, with a bilaminar or multilayer coating deposited in
accordance with the proposed method, is also an object of this invention.
20

Examples

Although the possibility of the application of the tungsten carbides obtained in
accordance with the proposed invention on their own is not excluded, priority in their
25  application is given to the deposition of these carbides as wear-resistant coatings on
construction materials and items made of them. That is why the examples given
below illustrate the invention specifically in cases of the deposition of carbides on
substrates as coatings. However, these examples do not restrict the invention,
because, for example, one can obtain other combinations of tungsten carbides with

30  each other and/or tungsten and/or carbon.



substrate is obtained froma gaseous mxture of W6, C3H6 and H2 with inert
gas. The preferred regine: m xture WF6: H2=1: 3-1: 15 with an adm xture of
C3H6 in the 20 reaction mxture with nolar ratio 0.01-0.3; the tenperature

of the substrate is 350- 600C. Patent JP 84204563 A 1984@@&@@@5@% how
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40, H2: 320, An 40, C3H8: 10 cnB/mn at 500C with a growth rate of :
gm i n. each other and with tungsten and carbon is superimposed on a tungsten layer

previously deposited on the substrate. The examples cover bilaminar coatings
5 (internal layer of tungsten and external layer containing one or more tungsten
carbides), and multilayer coatings with alternating layers of tungsten and layers

containing tungsten carbides.

The construction material on which the composite coating is deposited (or its

10 external layer relative to the coating, in the case of bimetal) contains one of the
following base materials: hard alloys (cemented carbides), ceramics such as silicon

. carbide, silicon nitride, aluminium oxide, zirconium oxide, carbon-carbon
composition materials etc., several iron-containing alloys such as iron, carbon steels,
stainless steels, tool and high-speed steels and cast iron, or other materials from the

15 following list: copper, silver, gold, cobalt, nickel, rhodium, rhenium, platinum,
iridium, silicon, tantalum, niobium, vanadium, tungsten, molybdenum, carbon,
nitrogen, boron, their alloys, compounds and mixtures, and also titanium alloys. The
construction material or its outer layer adjacent to the coating should preferably
consist of alloys with a nickel content exceeding 25 wt% e.g. Invar, Nichrome,

20  Monel etc.

. In the case of deposition onto chemically active materials such as iron, carbon steels,
stainless steels, tool and high-speed steels, cast iron, titanium alloys and hard alloys

(cemented carbides) containing titanium, it is preferable to deposit intermediate

25 coatings containing materials chemically resistant to hydrogen fluoride, from the
following list: copper, silver, gold, cobalt, nickel, rhodium, rhenium, platinum,

iridium, tantalum, molybdenum, niobium, vanadium and boron. An intermediate

coating of thickness 0.5-20 um is deposited by electrochemical or chemical

deposition from aqueous solutions, melt electrolysis, chemical or physical vapour

30  deposition (e.g. by means of magnetron spraying) or by other methods.
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In the case of deposition onto materials chemically resistant to hydrogen fluoride,
such as copper, silver, gold, cobalt, nickel, rhodium, rhenium, platinum, iridium,
tantalum, molybdenum, tungsten, niobium, graphite, carbides or ceramics,
intermediate coatings are not deposited. Various items of complex shape made from
the material of the proposed composite coatings are manufactured by means of its
deposition onto copper, silver, gold, cobalt, nickel, rhodium, rhenium, platinum,
iridium, tantalum, molybdenum, tungsten, niobium or graphite, with subsequent
removal of the substrate by chemical or electrochemical pickling or by other

methods.

The substrates, degreased and free of contaminations, are put inside a direct-flow
chemical reactor with an electric heater. The chemical reactor is evacuated by means
of a roughing pump with a liquid nitrogen freezing trap up to maximum vacuum,
after which hydrogen or argon is supplied to the reactor. The reactor with the items
in it is then heated to the required temperature, which is maintained for 0.5-1 hours.
After this, the required hydrogen flow rate and total pressure in the reactor are set.
The required flow rate of tungsten hexafluoride, heated beforehand to 30°C, is then
set. After the retention of the items in the set conditions for the time necessary for
the application of the internal tungsten layer, the required total pressure is set and a
certain flow rate of the carbon-containing gas (e.g. propane), previously heated to the
required temperature, into the reaction mixture is set. A multilayer composition
coating is obtained by repeating the operation. After that, the supply of gas is
terminated and the substrates are kept at constant temperature for 0.5-1 hours. After
this stage, the temperature of the reactor is decreased to room temperature with
hydrogen or argon being continuously supplied. The supply of hydrogen or argon is
then terminated, the reactor is evacuated to maximum vacuum, and air is then
admitted to it. The substrates with composite coatings are then removed from the

reactor. Specific examples of the described method of deposition of a composite

10
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Hardness tests

Hardness tests were conducted using a PMT-3 instrument. Samples made from steel

or hard alloys (cemented carbides) with the composite coating applied were cut
across. The cut was then ground with emery cloth and polished with diamond paste

to maximum smoothness. The microhardness of the coatings was determined by

10 pressing the pyramid-shaped diamond micro-indenter of the PMT-3 instrument into
the middle of the external or internal layer of the composite coating at the polished

. cross-cut of the sample. The results were averaged over 7-10 measurements. It was
determined from them that the microhardness of the internal tungsten layer was 350-

600 kG/mm?, the microhardness of tungsten monocarbide (WC) was 1900 kG/mm?,

15  the microhardness of tungsten semicarbide (W,C) was 3000 kG/mm® and the
microhardness of tungsten subcarbide W3C was 3100 kG/mm®. The new tungsten
subcarbide W,C possesses the greatest microhardness — 3500 kG/mm?. Mixtures of

tungsten carbides have intermediate hardness values.

20 Multilayer coatings possessed medium hardness. In this case, the force on the
diamond pyramid was selected so that the imprint extended into not less than four
‘ layers of the multilayer coating. These hardness measurements were also repeated 7-

10 times.
25  Determining the phase composition of the composite coating

The phase composition of the deposits was determined by means of X-ray and
clectron diffraction methods. X-ray studies were carried out using a DRON-3
diffractometer, with the use of copper radiation on flat samples of size 10x10 mm.
30 Qualitative phase analysis of the phases W, WC, W,C, W;C, W;,C and C was
carried out by identifying the reflection lines, using ASTM data. The study of the

11
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the phase content was supplemented by the chemical analysis of the total content of

tungsten, carbon and fluorine. For this purpose, the external layer of the coating was
5 removed from the copper substrate by dissolving the substrate in nitric acid and
crushing the remaining coating substance. Its composition was then determined by

analytical chemistry methods.

Example 1.
10
A sample made from carbon steel (Steel 3 in the Russian classification) with a layer
. of nickel of thickness 8 pm deposited on it by the electrochemical method is retained
in a furnace at temperature 900°C in a medium of tungsten hexafluoride (WFg) and
hydrogen (H,) at ratio 0.12 for 5 min and then in a medium of WF, H, and propane
15 (CsHjy) at a ratio of WFs to H; equal to 0.12 and a ratio of C3Hg to H, equal to 1.8 for
60 min; the C3Hy is thermally activated beforehand at 850°C and the reaction mixture

pressure is 2 kPa.

The material obtained with Steel 3 as the base material has an intermediate 8-um-

20 thick nickel layer and a composite coating with an internal tungsten (W) layer of
thickness 5 um and an external layer (mixture of WC and free carbon [carbon black])

’ of thickness 40 um. The microhardness of the coating is 840 kG/mm?>. The coating

has coarse inclusions of carbon black.

25 Example 2.

A sample made from stainless steel (Kh18N10T) with a layer of nickel of thickness
10 um deposited on it by the electrochemical method is retained in a furnace at
temperature 800°C in a medium of tungsten hexafluoride (WFs) and hydrogen (Hy) at

30 ratio 0.11 for 5 min and then in a medium of WFs, H, and propane (C3Hs) at a ratio

12



activation of the hydrocarbons used in the CVD process. The synthesis of a
tungsten 30 carbide |ayer of a certain conposition depends on an activation
tenperature that 4 PCT/ RU99/ 00037 varies from500 to 850C, on a total

pressure in the reactor that varies from2 to 150 kPa, ngggbﬁ&partial
pressure of the hydrocarbon reagent. Prelimnary activation of the

I | h t] f 5.cancentration of
nyr ocar boot G4 al-Sedyl i fat PTALERB ot GHGo AT FRR Fh o 6" e Badous

phase overCilywskeactiange befbhshapd epRmed af® iadadik 8ixhire B%’ééirpkses.é gpal | oy

I
the carbides and/or m xtures of themwth fluorine and uor i de-carbon

conposi ti ohide material obtained with stainless steel (Kh18N10T) as the base material has an
intermediate 10-um-thick nickel layer and a composite coating with an internal
5 tungsten (W) layer of thickness 5 um and an external layer (mixture of WC and free

carbon) of thickness 35 um. The microhardness of the coating is 1150 kG/mm?>.
Example 3.

10 A sample made from stainless steel (Kh18N10T) with a layer of nickel of thickness 7
pm deposited on it by the electrochemical method is retained in a furnace at
' temperature 700°C in a medium of tungsten hexafluoride (WFg) and hydrogen (H,) at
ratio 0.085 for 1 min and then in a medium of WFs, H, and propane (C;Hg) at a ratio
of WF¢ to H; equal to 0.085 and a ratio of C3Hg to H, equal to 1.2 for 2.0 min; the
15 CsHjy is thermally activated beforehand at 770°C and the reaction mixture pressure is
5.2 kPa.

The construction material thus obtained with stainless steel (Kn18N10T) as the base
material has an intermediate 7-pm-thick nickel layer and a composite coating with an

20 internal tungsten (W) layer of thickness 0.7 um and an external WC layer of
thickness 8 pm. The microhardness of the coating is 1900 kG/mm?®.

Example 4.

25 A sample made from hard alloy (cemented carbide) VK-10 is retained in the reaction
chamber at temperature 650°C in a medium of tungsten hexafluoride (WFg) and
hydrogen (H) at ratio 0.08 for 1 min and then in a medium of WFg, H, and propane
(CsHg) at a ratio of WF¢ to H, equal to 0.08 and a ratio of C3H; to H, equal to 0.95
for 80 min; the C3Hjy is thermally activated beforehand at 730°C and the reaction

30  mixture pressure is 8.8 kPa,

13



Fluorine, as the nost active chem cal elenment, strengthens the interatomc
bonds when it penetrates into the carbide lattice. It is the strengthening
of the interatom c 10 bonds in the carbide which produces the increase in

hardness. This process is simlar to the formation of GUERUYMmORBhases
I nstead of purely carbide structures On the other hand, fluorine

stabilises T{Ilggoﬁsttquﬁélﬁfrﬁ hﬂ?obﬁi’ffeﬁ?&mﬁ{ﬁ? Fﬂ Qﬂl%ﬁl%d(cﬁﬂ)? L\ga 10as 5 ong

subcar bi des) due to t energy 0 ne- carbon
wi th fl uoritheebas ramteﬂhlemni Cofnbdﬂt'el mﬂﬁgr\hﬂﬂ aﬁdﬁﬂeﬁiamdﬁngytdnh(wmiﬁfl ofont ent
up to 15 wt % and fl_uorine content 5 W% can be introduced into the

conposi t i offigfneEHE 7 ROCAR %’ﬁ?’ﬁ?ld]éyel“l@?@§%‘“‘a8fn%ﬁ‘& Wiy ef thigkness 33:
firstly, they mide[eaReaidleoNAE 8RR i05sddIeohRSt en carbi des; and

secondl y, they stabi
5

Example 5.

A sample made from tool steel (3Kh2V8F) with a layer of nickel of thickness 5 pm

deposited on it by the electrochemical method is retained in the reaction chamber at

10 temperature 600°C in a medium of tungsten hexafluoride (WFs) and hydrogen (H,) at

ratio 0.08 for 2 min and then in a medium of WFs, H, and propane (C;Hy) at a ratio

' of WFs to H, equal to 0.08 and a ratio of C3Hg to H; equal to 0.80 for 30 min; the
C;3Hs is thermally activated beforehand at 700°C and the reaction mixture pressure is

8.8 kPa. Chemical analysis showed that the fluorine content was 5-107 wt%.

15
The construction material thus obtained with copper as the base material has a
composite coating with an internal tungsten (W) layer of thickness 1.3 um and an
external layer of W,C of thickness 9.1 pm. The microhardness of the coating is 2800
kG/mm’.

20
Example 6.

A sample made from tool steel R18 with a layer of nickel 5 um thick applied to it by
the electrochemical method is retained in the reaction chamber at temperature 550°C
25  in a mixture of tungsten hexafluoride (WFs) and hydrogen (H,) at ratio 0.057 for 5
min and then in a medium of WFq, H, and propane (C;Hg) at a ratio of WFg to H,
equal to 0.057 and a ratio of C3Hg to H; equal to 0.67 for 70 min; the C;Hy is
thermally activated beforehand at 640°C and the reaction mixture pressure is 5.2 kPa.
The construction material thus obtained with steel R18 as the base material has an

30  intermediate 5-um nickel layer and a composite coating with an internal tungsten (W)

Sheet Has Been Replaced

S 1T




structure of the tungsten subcarbides. Thus, the introduction of fluorine
and fluorine 20 carbon adm xtures nmakes it possible to obtain such tungsten

car bi des as nonocar bi de

9 The appl

i cation of the new tungsten carbi des nmakes it poOgRi{RbROHS7

WC, sem car bi de W2C and subcar bi des WBC and WL2C.

manuf acture a bilam nar coating, the internal |[ayer of which (deposited on

| S _conposed
il Pickest 3Hih BHE o SRR Bl Bl ST TR st ielesti
fluorine amd LEOSEidahicratiaidhekd oibthe B6atingds D9ID le@MmRASI tions, or mi xtures of
des wi th each other and also with tungsten and free carbon.

t he subst r
of tungste

such car bi
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Example 7.

A sample made from tool steel Kh12F1 with a layer of nickel 7 um thick applied to it
by the electrochemical method is retained in the reaction chamber at temperature
540°C in a mixture of tungsten hexafluoride (WFs) and hydrogen (H,) at ratio 0.053
for 2 min and then in a medium of WFg, H, and propane (C;Hjg) at a ratio of WFg to
H; equal to 0.053 and a ratio of C3Hg to H; equal to 0.63 for 40 min; the C3;Hj is

thermally activated beforehand at 635°C and the reaction mixture pressure is 28 kPa.

The construction material thus obtained with tool steel Kh12F1 as the base material
has a composite coating with a 7 um nickel layer, then an internal tungsten (W) layer
of thickness 1.0 pm and an external W3;C layer of thickness 18 pm. The

microhardness of the coating is 3120 kG/mm>.

Example 8.

A sample made from tool steel R6MS5 with a layer of nickel 5 um thick applied to it
by the electrochemical method is retained in the reaction chamber at temperature
520°C in a mixture of tungsten hexafluoride (WFs) and hydrogen (H;) at ratio 0.045
for 5 min and then in a medium of WFg, H, and propane (C3Hjy) at a ratio of WF, to
H; equal to 0.045 and a ratio of C3Hg to H; equal to 0.60 for 180 min; the C3Hg is

thermally activated beforehand at 610°C and the reaction mixture pressure is 42 kPa.

The construction material thus obtained with tool steel R6EMS5 as the base material
has an intermediate 5 um nickel layer, and a composite coating with an internal
tungsten (W) layer of thickness 3 pm and an external layer (mixture of W3C and
W2C) of thickness 100 um. The microhardness of the coating is 3400 kG/mm?.

15



30 The construction material wth the deposited conposition coating has an
internal tungsten |ayer of thickness 0.5-300 m The thickness of the
external layer is 0.5 5 PCI/RU99/00037 300 m The ratio of thicknesses of

the internal and external l|ayers ranges from1:1 to 1: @Q@/R@ﬁb/@{)@?fcr dance
with this invention, tungsten carbides are deposited in the chemcal 5
reactor on the substrate from a gaseous phase consisting of tungsten

hexaf | uori de, hydrogen, a carbon-containing gas (e.g. propane), and,

opti onal | yExample®ert gas (e.g.

A sample made from tool steel 3Kh2V8F with a layer of nickel 5 pm thick applied to
5 it by the electrochemical method is retained in the reaction chamber at temperature
520°C in a mixture of tungsten hexafluoride (WFs) and hydrogen (H,) at ratio 0.044
for 2 min and then in a medium of WF, H, and propane (C3Hy) at a ratio of WFq to
H, equal to 0.044 and a ratio of C3Hg to H, equal to 0.4 for 160 min; the C;H;g is

thermally activated beforehand at 600°C and the reaction mixture pressure is 28 kPa.

10
The construction material thus obtained with tool steel 3Kh2VS8F as the base material
. has an intermediate 5 pm nickel layer, and a composite coating with an internal
tungsten (W) layer of thickness 1 um and an external W1,C layer of thickness 78 pm.
The microhardness of the coating is 3500 kG/mm?.
15

Example 10.

A sample made from stainless steel 2Kh13 with a layer of nickel 10 um thick applied

to it by the electrochemical method is retained in the reaction chamber at temperature

20 520°C in a mixture of tungsten hexafluoride (WFs) and hydrogen (H,) at ratio 0.070

for 4 min and then in a medium of WFe, H; and propane (C3Hjg) at a ratio of WFs to

’ H; equal to 0.070 and a ratio of C3Hs to H; equal to 0.20 for 60 min; the C3Hg is

thermally activated beforehand at 650°C and the reaction mixture pressure is 8.8 kPa.
25 The construction material thus obtained with stainless steel 2Kh13 as the base
material has a composite coating with an internal tungsten (W) layer of thickness 3.8
um and an external layer (mixture of W;,C and W) of thickness 20 pm. The

microhardness of the coating is 2150 kG/mm?.

30
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argon). The carbon-containing gas is thermally activated before being

i ntroduced into the reactor by heating it to 500-850C. The pressure in the
reactor ranges from2 to 150 kPa. The substrate is heated to tenperature
400-900C. The ratio of carbon 10 containing gas to hydrpggmrRusnggs7from 0. 2
to 1.7, and the ratio of tungsten hexafluoride to hydrogen ranges from
0.02 to 0.12. Wthin the stated limts, the paraneters of the process are
determ ned depending on which carbide or m xture of carbide with each

ot her or ixamplengsten or with carbon 15 is required to be produced. Thus,
to produce tungsten nonocarbide WC, the prelimnary thermal activation of
the carbon-containing gas is conducted at a tenperature of 750-850C. The

ratio of popange tfady HR9eMbRe1S ezhloiynist D&ain2h ©VMe reaction chamber at
5 temperature 580°C in a mixture of tungsten hexafluoride (WFs) and hydrogen (H,) at

ratio 0.085 for 3 min and then in a medium of WF;, H, and propane (C;Hg) at a ratio

of WFs to H; equal to 0.085 and a ratio of C3Hg to H, equal to 0.80 for 60 min; the

CsHg is thermally activated beforehand at 680°C and the reaction mixture pressure is

8.8 kPa.
10
The construction material thus obtained with “Monel” alloy as the base material has a
. composite coating with an internal tungsten (W) layer of thickness 3.5 um and an
external layer (mixture of W,C and W) of thickness 35 um. The microhardness of
the coating is 1740 kG/mm®,
15

Example 12.

A sample made from Invar alloy K6N38F is retained in the reaction chamber at

temperature 590°C in a mixture of tungsten hexafluoride (WFs) and hydrogen (H,) at

20 ratio 0.063 for 3 min and then in a medium of WFs, H, and propane (Cs;Hg) at a ratio

of WFs to H; equal to 0.063 and a ratio of C;Hg to H; equal to 0.63 for 40 min; the

. C3Hs is thermally activated beforehand at 630°C and the reaction mixture pressure is
8.8 kPa.

25  The construction material thus obtained with Invar alloy K6N38F as the base
material has a composite coating with an internal tungsten (W) layer of thickness 3

pm and an external layer (mixture of W3;C and W) of thickness 19 pym. The

microhardness of the coating is 1690 kG/mm?

30
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1.00-1.50, and the ratio of tungsten to hydrogen in the interval 0.08-0.10.
20 The correspondi ng paraneters for the production of single-phase tungsten
sem car bi de W2C are as follows: 600-750C, 0.75-0.90 and 0.06-0.08. The
paraneters for the production of tungsten subcarbide VWB@ayRij95600320C,
0.60-0.65 and 0.050-0.055. 25 A previously unknown tungsten subcar bi de,
WL2C, with hardness 3500 kG mR2, greater than that of any of the known
car bi des, was obtai ned by the nethod proposed in this invention. For the
product i onEgdmplei 19, subcar bi de, propane was thernally activated at
tenperature 500-700C. The ratio of propane to hydrogen was within the

i nterval 0.35-0.40 and that of tungsten hexafluoride to hydrogen was

0. 040-0. 04g'sample made from a cake of natural diamonds is retained in the reaction chamber
5 at temperature 520°C in a mixture of tungsten hexafluoride (WFs) and hydrogen (H,)

at ratio 0.048 for 1 min and then in a medium of WFs, H, and propane (Cs;Hg) at a

ratio of WFs to H, equal to 0.048 and a ratio of CsHg to H; equal to 0.65 for 48 min;

the CsHg is thermally activated beforehand at 700°C and the reaction mixture

pressure is 42 kPa.

10
The construction material thus obtained with a cake of natural diamonds as the base
. material has a composite coating with an internal tungsten (W) layer of thickness 0.8
um and an external layer (mixture of W,C and Wi,C) of thickness 12 um. The
microhardness of the coating is 3220 kG/mm?,
15

Example 14.

A sample made from Nichrome alloy is retained in the reaction chamber at

temperature 560°C in a mixture of tungsten hexafluoride (WFg) and hydrogen (H,) at

20 ratio 0.070 for 8 min and then in a medium of WFg, H; and propane (C3;Hs) at a ratio

of WF¢ to H, equal to 0.070 and a ratio of C3Hg to H, equal to 0.2 for 40 min; the

. C;3Hg is thermally activated beforehand at 650°C and the reaction mixture pressure is
5.2 kPa.

25  The construction material thus obtained with Nichrome alloy as the base material has
a composite coating with an internal tungsten (W) layer of thickness 7 um and an
external layer (mixture of W and C) of thickness 41 pm. The microhardness of the

coating is 1210 kG/mm?,

30 Examples of alternating layers.
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30 6 PCT/RU99/ 00037 This process nmakes it possible to obtain mxtures of
tungsten carbides and mxtures of the carbides with free tungsten and
carbon. The val ues of the paraneters for these cases are shown in Table 1.

Table 1 1* 5 Propane PCT/RU99/00037

Example 15,

A sample made from hard alloy (cemented carbide) VK6 is retained in the reaction
5 chamber at temperature 620°C (a) in a mixture of tungsten hexafluoride (WFg) and
hydrogen (H,) at ratio 0.08 for 2 min and then (b) in a medium of WFs, H, and
propane (C3;Hs) at a ratio of WFs to H; equal to 0.08 and a ratio of C3Hj to H, equal
to 1.5 for 16 min; the C3Hg is thermally activated beforehand at 750°C and the
reaction mixture pressure is 5.2 kPa. Operations (a) and (b) are repeated four times

10 in succession. The fluorine content in the multilayer coating is 9-10 wt%.

. The construction material thus obtained with hard alloy (cemented carbide) VK6 as
the base material has a composite coating with four alternating layers of W with
thickness 3.0 pm and of WC with thickness 7.0 um at a ratio of thicknesses 1:2.3 and

15 total thickness of the composite coating 40 pm. The average microhardness of the

coating is 1320 kG/mm?>.
Example 16.

20 A sample made from hard alloy (cemented carbide) VK10 is retained in the reaction
chamber at temperature 650°C (a) in a mixture of tungsten hexafluoride (WFs) and

. hydrogen (H,) at ratio 0.08 for 1 min and then (b) in a medium of WFs, H, and
propane (C;Hg) at a ratio of WFs to H equal to 0.08 and a ratio of CsH;g to H, equal

to 0.95 for 80 min; the C;Hg is thermally activated beforehand at 730°C and the

25  reaction mixture pressure is 8.8 kPa. Operations (a) and (b) are repeated four times

in succession.
The construction material thus obtained with hard alloy (cemented carbide) VK10 as

the base material has a composite coating with four alternating layers of W with

30 thickness 0.7 um and of a mixture of WC and W,C with thickness 32 pum at a ratio of

19



Propane to Tungsten No. Conpositionactivation hydrogen ratiohexafluoride to
t enperature, Chydrogen ratio 1. WC+W2C670-7900. 90- 1. 000. 07-0. 09

2. W2C+WBC580- 7300. 70- 0. 750. 055-0. 060 3. W C+WL2C570- 7000. 60- 0. 650. 045- 0. 060
4. WBC+WL2C550- 6800. 40- 0. 600. 045- 0. 050 PCT/RU99/00037

5. W2C+WBC+WL2C570- 7100. 65- 0. 700. 045- 0. 060

thicknesses 1:45.7 and total thickness of the composite coating 130.8 um. The

average microhardness of the coating is 2200 kG/mm?®.
Example 17.

A sample made from tool steel 3Kh2V8F with a layer of nickel 5 um thick deposited

on it by the electrochemical method is retained in the reaction chamber at

temperature 600°C (a) in a mixture of tungsten hexafluoride (WFs) and hydrogen

(Hy) at ratio 0.080 for 2 min and then (b) in a medium of WFs, H, and propane

10 (CsHs) at a ratio of WF; to H, equal to 0.080 and a ratio of C3Hg to H; equal to 0.7

for 25 min; the C;Hg is thermally activated beforehand at 700°C and the reaction

. mixture pressure is 8.8 kPa. Operations (a) and (b) are repeated five times in

succession.

15 The construction material thus obtained with tool steel 3Kh2V8F as the base material
has a composite coating with five alternating layers of W with thickness 1.5 pm and
W,C with thickness 7.5 um at a ratio of thicknesses 1:5 and total thickness of the
composite coating 45 um. The average microhardness of the coating is 2340
kG/mm’.

20
Example 18.

A sample made from Invar alloy K6N38F is retained in the reaction chamber at
temperature 580°C (a) in a mixture of tungsten hexafluoride (WFg) and hydrogen

25  (Hy) at ratio 0.060 for 5 min and then (b) in a medium of WFs, H; and propane
(CsHp) at a ratio of WF to H; equal to 0.060 and a ratio of C3Hg to H, equal to 0.70
for 40 min; the C;Hjy is thermally activated beforehand at 650°C and the reaction
mixture pressure is 8.8 kPa. Operations (a) and (b) are repeated 12 times in
succession.

30
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6. WC+W600- 7200. 70- 0. 900. 08- 0. 09 7. V2C+W500- 7200. 70- 0. 900. 08-0. 09

8. WBC+Wh60- 7000. 60- 0. 650. 055- 0. 070 9. WL2C+Wb00- 6800. 20- 0. 350. 045-0. 070

10. WVBC+WL2C+W500- 6800. 35- 0. 600. 05-0. 07 11. WC+C750- 8501. 50- 1. 700. 10-0. 12 As
menti oned above, control of the content of active hydropamnogadiral s
within wide |limts is provided by neans of the prelimnary thernmal

activation i .ca n- | t | i
possi bl et o spirfbh BhenCIRR e aRRtE M SRR, KelBeR I 48° bl
cont ent of mieribbhdsS wdrfiposTteeohtivgs With 1acdifeMatin@Mayers of W with thickness 3.0
um and a mixture of W,C and W3C with thickness 15.1 um at a ratio of thicknesses
1:5 and total thickness of the composite coating 217 um. The average microhardness

5  of the coating is 2150 kG/mm?>.
Example 19.

A sample made from tool steel Kh12F1 with a layer of nickel of thickness 7 um
10  deposited on it by the electrochemical method is retained in the reaction chamber at
temperature 540°C (a) in a mixture of tungsten hexafluoride (WFs) and hydrogen
(H;) at ratio 0.053 for 3 min and then (b) in a medium of WF¢, H, and propane
(C5Hjy) at a ratio of WF¢ to H; equal to 0.053 and a ratio of CsHg to H; equal to 0.62
for 27 min; the C3;Hg is thermally activated beforehand at 635°C and the reaction
15  mixture pressure is 28 kPa. Operations (a) and (b) are repeated five times in

succession.

The construction material thus obtained with tool steel Kh12F1 as the base material
has a composite coating with five alternating layers of W with thickness 5 um and
20  W3C with thickness 12 pum at a ratio of thicknesses 1:264 and total thickness of the

composite coating 85 pm. The average microhardness of the coating is 2250

o kG/mm?.

Example 20.
25
A sample made from carbon steel 45 with a layer of nickel of thickness 6 pm
deposited on it by the electrochemical method is retained in the reaction chamber at
temperature 540°C (a) in a mixture of tungsten hexafluoride (WFes) and hydrogen
(Hy) at ratio 0.047 for 9 min and then (b) in a medium of WFs, H, and propane
30  (C3Hg) at a ratio of WFe to H; equal to 0.047 and a ratio of CsHjg to H; equal to 0.55
for 150 min; the C;Hg is thermally activated beforehand at 630°C and the reaction

21



10 of the carbon-containing reagent takes place in a hydrofluoric
atmosphere, which provides additional formation of fluorine-carbon
radi cal s. Radicals of both types take part in alloying the carbide phases

and m xtures of themwth fluorine and carbon, pr oducipggﬁibég)&g@a}se in
t heir hardness and enhanced tribotechnical properties. nt'er nal

stresses i Y he ~coat.i n of .singl e-phase tungsten carbides
gr ow, thusﬁ&gﬁgﬁﬁ%%gl%\l\{rsess'?s SncJPFE 18‘6%@\/"@8 Q’Sg‘ﬁe RAgiCG UiV eT tRSSKNc oat i ngs
(up to 30Gudcds¥idh.RU99/ 00037

The construction material thus obtained with carbon steel 45 as the base material
5 with an intermediate nickel layer 6 pm thick has a composite coating with seven
alternating layers of W with thickness 4 um and of a mixture of W5C and W,C with
thickness 44 um at a ratio of thicknesses 1:11 and total thickness of the composite

coating 396 um. The average microhardness of the coating is 2900 kG/mm?.
10  Example 21.

. A sample made from tool steel R6M5 with a layer of nickel of thickness 3 pm
deposited on it by the electrochemical method is retained in the reaction chamber at
temperature 520°C (a) in a mixture of tungsten hexafluoride (WFs) and hydrogen

15 (H) at ratio 0.050 for 8 min and then (b) in a medium of WFs, H, and propane
(C;Hg) at a ratio of WFs to H; equal to 0.043 and a ratio of C3Hg to H, equal to 0.35
for 11 min; the C3Hjg is thermally activated beforehand at 650°C and the reaction
mixture pressure is 8,8 kPa. Operations (a) and (b) are repeated 11 times in
succession.

20
The construction material thus obtained with tool steel R6MS5 as the base material

. and an intermediate nickel layer 8 um thick has a composite coating with 11
alternating layers of W and W,,C both with thickness 5 pum at a ratio of thicknesses
1:1 and total thickness of the composite coating 110 um. The average microhardness

25  ofthe coating is 2550 kG/mm?.
Example 22.
A sample made from titanium alloy VT1 with a layer of nickel of thickness 1 pm

30 deposited on it by magnetron spraying is retained in the reaction chamber at

temperature 600°C (a) in a mixture of tungsten hexafluoride (WFs) and hydrogen

22



m . Their chem cal resistance and high hardness are due to the strong
Interatomc bonds in the carbide lattice and the absence of free tungsten.
In order to bring about a mcroplastic effect in the coatings, one can use
m xtures of 5 carbides with each other and m xtures of ptipgryedHhpbungst en
and free carbon, in this case | osing some chem cal and el ectrochem cal

stablllty o, e carbon have a
reduced frll—f\?%ﬁﬁattl?gée ??‘?ﬂeﬂgﬁﬁnninad%’gﬁqgiﬁ{]%%%ﬁ{égsa E—¥02’r511Cla1%rf’}f’%] Cef fect .
This i s veCyHimarrhidbf WIRrte Hyl equalrte 9, 05 eﬁqdfabﬂade%f‘%Hbto f1, eguflas b@R are
used as wear-re5| stant tribotechnical coatings in friction assenbl les. 10

By using tfAe oBmeime sk Coly énthesnallin actimatad bqf@mh@ybﬂfl 6eQICnand thet teectioof

coating  yiviure pressure is 42 kPa. Operations (a) and (b) are repeated 15 times in

5  succession.

The construction material thus obtained with titanium alloy VT1 as the base material
has a composite coating with 15 alternating layers of W with thickness 5.2 um and of
a mixture of W,C and W1,C with thickness 20 pum at a ratio of thicknesses 1:3.8 and
10 total thickness of the composite coating 378 um. The average microhardness of the

coating is 2220 kG/mm?.

Example 23.

15 A sample made from nitride-silicon ceramics is retained in the reaction chamber at
temperature 510°C (a) in a mixture of tungsten hexafluoride (WFs) and hydrogen
(Hz) at ratio 0.045 for 1 min and then (b) in a medium of WFs, H, and propane
(CsHp) at a ratio of WFg to H; equal to 0.045 and a ratio of C;Hg to H; equal to 0.35
for 50 min; the C;Hjy is thermally activated beforehand at 520°C and the reaction
20  mixture pressure is 42 kPa. Operations (a) and (b) are repeated 12 times in

succession. Chemical analysis showed that the fluorine content was 3.0-107! wt%.

The construction material thus obtained with nitride-silicon ceramics as the base
material has a composite coating with 12 alternating layers of W with thickness 0,7

25  pm and of a mixture of W and W,,C with thickness 16 pum at a ratio of thicknesses
1:22.8 and total thickness of the composite coating 204 pm. The average
microhardness of the coating is 2220 kG/mm>.

Example 24.
30
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deposition, one can also obtain nultilayer coatings with alternating | ayers
of tungsten and |ayers containing tungsten carbides alloyed with fluorine
and possibly with fluorocarbon conpositions, including m xtures of these
carbides with each other and 15 with tungsten or carbonpcTheysabhe7of

t hi cknesses of the alternating layers ranges from1:1 to 1:5. The

Goposi 1 ed RreBic5pd Rl fiapipny hhSy St AR DRsrcly M S RInERE WY o
this i nvenddposited26n Bx&yPhBSnetron spraying is retained in the reaction chamber at
temperature 600°C (a) in a mixture of tungsten hexafluoride (WF¢) and hydrogen

(H,) at ratio 0.09 for 3 min and then (b) in a medium of WF¢, H, and propane (C;Hg)

5 at aratio of WFs to H; equal to 0.09 and a ratio of C3Hg to H; equal to 0.7 for 40

min; the CsHg is thermally activated beforehand at 720°C and the reaction mixture

pressure is 5.2 kPa. Operations (a) and (b) are repeated seven times in succession.

The construction material thus obtained with titanium alloy VT1 as the base material

10 has an intermediate nickel layer 2 pm thick and a composite coating with seven
alternating layers of W with thickness 4.2 um and of a mixture of W and W,C with

. thickness 21.5 pm at a ratio of thicknesses 1:5.1 and total thickness of the composite

coating 179.9 um. The average microhardness of the coating is 1830 kG/mm?.

15 Example 25.

A sample made from tool steel 3Kh3M3F with a layer of nickel of thickness 6 pm
deposited on it by the electrochemical method is retained in the reaction chamber at
temperature 500°C (a) in a mixture of tungsten hexafluoride (WFg) and hydrogen
20 (Hy) at ratio 0.055 for 3 min and then (b) in a medium of WFs, H, and propane
(CsHg) at a ratio of WFs to H; equal to 0.055 and a ratio of C3Hg to H; equal to 0.65
‘ for 120 min; the C;Hg is thermally activated beforehand at 560°C and the reaction
mixture pressure is 8.8 kPa. Operations (a) and (b) are repeated four times in
succession.
25
The construction material thus obtained with tool steel 3Kh3M3F as the base
material has a composite coating with four alternating layers of W with thickness 3.8
um and of a mixture of W and W;C with thickness 44.1 pm at a ratio of thicknesses
1:11.6 and total thickness of the composite coating 191.6 pum. The average

30  microhardness of the coating is 1320 kG/mm®.
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Al t hough the possibility of the application of the tungsten carbides
obtained in accordance with the proposed invention on their own is not
excluded, priority in their 25 application is given to the deposition of
t hese carbi des as wear-resistant coatings on constructpor/rREI®HHE7S and
itemrs made of them That is why the exanples given belowillustrate the

I nvention R £ Vol ases of the deposition of carbides on
substrat es asgﬁgdéﬁﬁhgés{?ﬂl wever, these exanples do not restrict the

i nvention, because, for exanple, one can obtain other conbinations of

tungsten carbides with 30 each other and/or tungsten and/or carbon. 8
PCT/ RU99/ OBz mvention can be used for strengthening tools made from steel, hard alloy

(cemented carbide) or diamond which are used for processing materials by means of
5 cutting or pressing. The latter is the most promising field for applications of the
proposed technology due to the absence of competing coating technologies applicable
to the manufacture of press tools of complex shape for drawing wires and tubes and
for extruding profile sections from aluminium, copper, steel and other metals and
alloys. The carbon-tungsten coatings referred to can be deposited on tools and
10 casting moulds used for moulding items from plastics, silicate masses and other

abrasive mixtures.

The invention can also be applied for the deposition of erosion resistant coatings on
turbine blades, and nozzles for water-jet cutting, surface treatment, rock washing etc.
15 The invention is promising for mechanical engineering in the production of
automobiles, tractors, roadmaking machines and other mechanisms in which high
wear resistance of friction components is essential. A high economic effect can be
expected from the deposition of these coatings on the pressing tools (punches, dies
etc.) used in mechanical engineering.
20
Many items of oil and gas equipment (ground-level pumps, immersion pumps,
. Christmas tree accessories etc.) can be significantly improved by means of the
deposition of wear and corrosion resistant coatings obtained in accordance with this

invention.

25



The exanples given illustrate the production of conplex coatings in which
the layer of coating containing this or that tungsten carbide or m xtures
of the carbides with each other and with tungsten and carbon is
superinposed on a tungsten |ayer previously deposited poTHR@SGORBYr at e.
The exanpl es cover bilam nar coatings 5 (internal |ayer of tungsten and

ext er nal u;¥§i¥¥£ntaining one or nore tungsten carbides), and multilayer
coati ngs “ernating |layers of tungsten and | ayers containing
tungsten carbides. The construction material on which the conmposite coating
is deposited (or its 10 external |ayer relative to the coating, in the
case of bilet alMaigsat Srnyeyneresion prd fcorPHA gsistarte coniings,i ednsistihgraf al | oys

(cement ed GArbl deide SFSRE With Filthe 3 amblibt§ Uhging from 0.0005 to 0.5 wi%.
5
2. Material in accordance with claim 1, wherein the said material is tungsten

monocarbide WC alloyed with fluorine in amounts ranging from 0.0005 to 0.5 wt%.

3. Material in accordance with claim 1, wherein the said material is tungsten

10  semicarbide W,C alloyed with fluorine in amounts ranging from 0.0005 to 0.5 wt%.

. 4. Material in accordance with claim 1, wherein the said material is tungsten

subcarbide WC alloyed with fluorine in amounts ranging from 0.0005 to 0.5 wt%.

15 5. Material in accordance with claim 1, wherein the said material is tungsten

subcarbide W;C alloyed with fluorine in amounts ranging from 0.0005 to 0.5 wt%.

6. Material in accordance with claim 1, wherein the said material additionally
contains fluorocarbon compositions with carbon content up to 15 wt% and fluorine

20  content up to 0.5 wt%.

. 7. Material for wear, erosion and corrosion resistant coatings comprising a
mixture of at least two tungsten carbides alloyed with fluorine in amounts ranging
from 0.0005 to 0.5 wt% and possibly with fluorocarbon compositions with carbon

25  content up to 15 wt% and fluorine content up to 0.5 wt%.

8. Coating, characterised in that it contains:
- an internal layer consisting of tungsten deposited on a substrate;
- and an external layer deposited on the said internal layer and containing

30  tungsten carbide in accordance with claims 1-6.
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carbide, silicon nitride, alum nium oxide, zirconium oxide, carbon-carbon
conposition materials etc., several iron-containing alloys such as iron,
carbon steels, stainless steels, tool and hi gh-speed steels and cast iron,
or other materials fromthe 15 followi ng |ist: copper, ptireneg/06isd.
cobalt, nickel, rhodium rhenium platinum iridium silicon, tantalum

ni obi um vanadi ym. tungsten, nolyhdenum_ carbon, . nitr n, boro their

al | oys, coﬁppun t’é‘ﬁdmr’r?‘iff’ffjraé‘g? %ﬁ’dcg}n&o@t%éﬁ?ﬂfﬁegl 1Ino@’g. lﬂfhoél?ercféX%rt ruction
mat eri al Oa[ddido%aﬂ’y'&@ﬂtaih@x%ixﬁﬁ'é @ﬂt@ﬁ%stérpcafﬂblﬁeﬁﬂ?akb&ﬁarﬁi@%ﬂﬂcl@i&@f7.er abl'y
consist of alloys wwth a nickel content exceeding 25 w%e.g. Invar,

Ni chrone, 20 Monel etc. In the case of deposition onto chemcally active

materi al s Isouch 85 iran, carbon s eq

|.s C . .
oating 1n 'accordance with clainis 8 or 9, characterised in that its outer layer

5  additionally contains tungsten.

11.  Coating in accordance with claims 8 or 9, characterised in that its outer layer

additionally contains carbon.

10 12.  Coating in accordance with any of claims 8 to 11, characterised in that its

internal layer has a thickness of 0.5-300 um and its outer layer has a thickness of 0.5-

. 300 um, with the ratio of thicknesses of the internal and external layers ranging from
1:1 to 1:600.

15 13.  Process for producing tungsten carbides by chemical vapour deposition on a
heated substrate using a mixture of gases including tungsten hexafluoride, hydrogen,
a carbon-containing gas and, optionally, an inert gas, characterised in that the
carbon-containing gas is thermally activated beforehand by heating to temperature
500-850°C.

20
14. Process in accordance with claim 13, characterised in that the said carbon-

. containing gas is propane.

15. Process in accordance with claims 13 or 14, characterised in that it is
25 performed at a pressure of 2-150 kPa, substrate temperature 400-900°C, ratio of
carbon-containing gas to hydrogen 0.2-1.7 and ratio of tungsten hexafluoride to

hydrogen 0.02-0.12.

16.  Process in accordance with claim 15, characterised in that it is performed at a

30 ratio of carbon-containing gas to hydrogen 1.0-1.5 and ratio of tungsten hexafluoride
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st ai nl ess

steels, tool and high-speed steels, cast iron, titanium alloys

and hard alloys (cenented carbides) containing titanium it is preferable
to deposit intermnmediate 25 coatings containing materials chemcally
to hydrogen fluoride, fromthe follow ng |ispeTaopeeneosi | ver,

resi st ant

gold, cobalt, nickel, rhodium rhenium platinum iridium tantalum

nol ybdenu
t hi ckness

f rom aqueagsips@tudé 79m850°02 i thed @S¢, rehdsSEnSmortdRarli el (Ofs oBlgddcal vapour
n (e.g. by neans of nmagnetron spraying) or by other methods.

depositio
PCT/ RU99/
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17.  Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas to hydrogen 0.75-0.90 and ratio of tungsten
hexafluoride to hydrogen 0.06-0.08, and that the carbon-containing gas is heated
beforehand to temperature 600-750°C; in this case, tungsten semicarbide W,C is

obtained.

18.  Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas to hydrogen 0.60-0.65 and ratio of tungsten
hexafluoride to hydrogen 0.05-0.55, and that the carbon-containing gas is heated
beforehand to temperature 560-720°C; in this case, tungsten subcarbide W3C is

obtained.

19.  Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas to hydrogen 0.35-0.45 and ratio of tungsten
hexafluoride to hydrogen 0.040-0.045, and that the carbon-containing gas is heated
beforehand to temperature 500-700°C; in this case, tungsten subcarbide Wi,C is

obtained.

20.  Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas to hydrogen 0.90-1.00 and ratio of tungsten
hexafluoride to hydrogen 0.07-0.09, and that the carbon-containing gas is heated
beforehand to temperature 670-790°C; in this case, a mixture of the carbides WC and
W,C is obtained.

21.  Process in accordance with claim 15, characterised in that it is performed at a

ratio of carbon-containing gas to hydrogen 0.70-0.75 and ratio of tungsten

hexafluoride to hydrogen 0.055-0.060, and that the carbon-containing gas is heated

28
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The internedi ate coatings thus obtained nust be heat-treated at tenperature
400- 900C for 0.5-1 hours in a flow of hydrogen or inert gas. In the case
of deposition onto materials chemcally resistant to hydrogen fluoride, 5

such as copper, silver, gold, cobalt, nickel, rhodium pdgRUYoREAti num
iridium tantalum nol ybdenum tungst en, ni ob| um graphite, carbides or

ceram cs, befo?éh%ﬁg‘%g P }%rgt(a ’5@@?3@'[36 11!11 ﬂ#ls gﬁﬁoilrﬁﬁ%re t.g%grgﬁeg% of

conpl ex shape nm mat er | propose bati ngs
are manuf and W-€dsbytairdns of its dep03| tion onto copper, silver, gold,
cobalt, nickel, rhodium rhenium platinum 10 iridium tantalum

nol ybdenum tungsten, niobiumor graphite, with subsequent renoval of the

substrate 29y ¢ ??@egsalln a%[:or%ﬁc%%l%agﬁ ??lchgmc elrlzsre] in {hap % is per?ormed ata

5 ratio of carbon-containing gas to hydrogen 0.60-0.65 and ratio of tungsten
hexafluoride to hydrogen 0.045-0.060, and that the carbon-containing gas is heated
beforehand to temperature 570-700°C; in this case, a mixture of the carbides W,C
and W1,C is obtained.

10 23, Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas to hydrogen 0.45-0.60 and ratio of tungsten
hexafluoride to hydrogen 0.045-0.050, and that the carbon-containing gas is heated
beforehand to temperature 550-680°C; in this case, a mixture of the carbides W;C
and W,C is obtained.

15
24.  Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas to hydrogen 0.65-0.70 and ratio of tungsten
hexafluoride to hydrogen 0.045-0.060, and that the carbon-containing gas is heated
beforehand to temperature 570-710°C; in this case, a mixture of the carbides W,C,

20 W;3C and W,C is obtained.

. 25.  Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas to hydrogen 0.70-0.90 and ratio of tungsten
hexafluoride to hydrogen 0.08-0.09, and that the carbon-containing gas is heated

25  beforehand to temperature 600-720°C; in this case, a mixture of the carbide WC and

tungsten is obtained.
26.  Process in accordance with claim 15, characterised in that it is performed at a

ratio of carbon-containing gas to hydrogen 0.70-0.90 and ratio of tungsten

30  hexafluoride to hydrogen 0.08-0.09, and that the carbon-containing gas is heated
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net hods.

chem cal

nitrogen freezing trap up to nmaxi num vacuum
I's supplied to the reactor. The reactor with the itens in it is then

0O The substrates, degreased and free of contam nations, are put
inside a direct-flow 15 chem cal reactor with an electric heater. The
reactor is evacuated by neans of a roughing punp with a liquid

he

aft er whi phTHRIGIPARR70r ar gon

heated to ﬁeﬁ?ﬁﬁﬁa%rts&gg&;p@@ (5B 4B R o, MBBLANGIANE Yarifaer- r,E0UT S

After this,

e requir drogen fTow rate an | “préssure’in

react or arandswigstedQs dbeineéqui red fl ow rate of tungsten hexafl uori de,
beforehand to 30C, is then set. After the retention of the itens in the
set conditions for the time necessary for

10

15

20

25
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27. Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas to hydrogen 0.60-0.65 and ratio of tungsten
hexafluoride to hydrogen 0.055-0.070, and that the carbon-containing gas is heated
beforehand to temperature 560-700°C; in this case, a mixture of the carbide W5C and

tungsten is obtained.

28.  Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas to hydrogen 0.20-0.35 and ratio of tungsten
hexafluoride to hydrogen 0.045-0.070, and that the carbon-containing gas is heated
beforehand to temperature 500-680°C; in this case, a mixture of the carbide W,C

and tungsten is obtained.

29.  Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas to hydrogen 0.35-0.60 and ratio of tungsten
hexafluoride to hydrogen 0.05-0.07, and that the carbon-containing gas is heated
beforehand to temperature 500-680°C; in this case, a mixture of the carbides W3C,

W12C and tungsten is obtained.

30.  Process in accordance with claim 15, characterised in that it is performed at a
ratio of carbon-containing gas to hydrogen 1.50-1.70 and ratio of tungsten
hexafluoride to hydrogen 0.10-0.12, and that the carbon-containing gas is heated
beforehand to temperature 750-850°C; in this case, a mixture of the carbide WC and

‘carbon is obtained.

31.  Process for the deposition of coatings consisting of an internal layer of
tungsten and an external layer containing tungsten subcarbide W;,C on substrates,
preferably on construction materials and on items made from them, characterised in

that the said process includes the following stages:

30

heat ed



the application of the internal tungsten layer, the required total pressure
is set and a certain flowrate of the carbon-containing gas (e.g. .
propane), previously heated to the required tenperature, into the reaction

mxture is set. A nultilayer conposition 25 coating is mbt/RUBACNE7
repeating the operation. After that, the supply of gas is term nated and

the substrates gy ﬁa&‘iﬁ@the‘%hbﬁf%@éﬁ%hehﬁég? g{ri]?c%ug '&gpgsﬂfonore%c'téré hours. After

this stage, the tenperature of the react ecrease roomtenperature
wi th hydrogen (oyevargasmgliké regetonnt i nuously supplied. The supply of hydrogen
or argon is tR termnated, .the reactor is evacuated to maxi num vacuum
and air is thehC)NFHEEESY UBstAe The substrates with conposite coatings

are then renoveg g“gﬁI%‘%&gm%%ﬁg%ixﬁ?gO%%idfﬂyﬁm%ﬁ'Em!h%§‘ea%torf he descri bed

met hod of depositi
5 (e) retaining the substrate in the said gaseous medium for the time interval

necessary for the formation of the tungsten layer on the substrate;
(D) in addition to the said tungsten hexafluoride and hydrogen, supplying a
previously thermally activated carbon-containing gas to the reactor;
(g) retaining the substrate in the gaseous medium formed at stage (f) for the
10 time necessary for the formation of the outer layer containing tungsten carbides and

mixtures of them with each other, with tungsten or with free carbon.

32.  Process in accordance with claim 31, characterised in that it is performed at a
reactor pressure of 2-150 kPa, substrate temperature 400-900°C, ratio of carbon-

15 containing gas to hydrogen 0.2-1.7 and ratio of tungsten hexafluoride to hydrogen
0.02-0.12.

33, Process in accordance with claim 31, characterised in that, before the

application of a coating to materials or items made from materials selected from a

20  group including iron, carbon steels, stainless steels, cast irons, titanium alloys and

hard alloys (cemented carbides) containing titanium, a coating is applied to them

. consisting of materials which are chemically resistant to hydrogen fluoride, namely
nickel, cobalt, copper, silver, gold, platinum, iridium, tantalum, molybdenum and

alloys, compounds and mixtures of these, by electrochemical or chemical deposition

25 from aqueous solutions, electrolysis of melts or physical and chemical vapour

deposition.
34.  Process in accordance with claim 32, characterised in that it is performed at a

ratio of the carbon-containing gas to hydrogen 1.00-1.50 and a ratio of tungsten

30 hexafluoride to hydrogen 0.08-0.10, and that the carbon-containing gas is heated
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10 PCT/ RU99/ 00037 coating are described below. The tests for hardness and
for determning the phase conposition of the coating were carried out in
the foll owi ng manner. Hardness tests 5 Hardness tests were conducted using
a PMI-3 instrument. Sanples nmade fromsteel or hard al PGIgR(e®08087ed

carbides) with the conposite coating applied were cut across. The cut was

then 9" oUnghifichin® fPiumblrabfh, 35688010, OBV, dh ABAPASLE coh@inffi| UM

snoot hness. e mcro ness o e ‘coat i ngs Wwas term
tungsten monocarbide WC is obtamed

35.  Process in accordance with claim 32, characterised in that it is performed at a
5 ratio of the carbon-containing gas to hydrogen 0.75-0.90 and a ratio of tungsten
hexafluoride to hydrogen 0.06-0.08, and that the carbon-containing gas is heated
beforehand to temperature 600-750°C; in this case, an external layer containing

tungsten semicarbide W,C is obtained.

10 36.  Process in accordance with claim 32, characterised in that it is performed at a
ratio of the carbon-containing gas to hydrogen 0.60-0.65 and a ratio of tungsten
hexafluoride to hydrogen 0.050-0.055, and that the carbon-containing gas is heated
beforehand to temperature 560-720°C; in this case, an external layer containing
tungsten subcarbide W3C is obtained.

15
37.  Process in accordance with claim 32, characterised in that it is performed at a
ratio of the carbon-containing gas to hydrogen 0.35-0.40 and a ratio of tungsten
hexafluoride to hydrogen 0.040-0.045, and that the carbon-containing gas is heated
beforehand to temperature 500-700°C; in this case, an external layer containing

20  tungsten monocarbide W1,C 1s obtained.

. 38.  Process in accordance with claim 32, characterised in that it is performed at a
ratio of the carbon-containing gas to hydrogen 0.90-1.00 and a ratio of tungsten
hexafluoride to hydrogen 0.07-0.09, and that the carbon-containing gas is heated

25  beforehand to temperature 670-790°C; in this case, an external layer containing a

mixture of the carbides WC and W,C is obtained.
39. Process in accordance with claim 32, characterised in that it is performed at a

ratio of the carbon-containing gas to hydrogen 0.70-0.75 and a ratio of tungsten

30  hexafluoride to hydrogen 0.055-0.060, and that the carbon-containing gas is heated
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10 pressing the pyran d-shaped diamond micro-indenter of the PMI-3
instrunent into the mddle of the external or internal |ayer of the
conposite coating at the polished cross-cut of the sanple. The results

wer e averaged over 7-10 neasurenents. It was determ neeCT/RoMoVdGEETt hat t he
m crohardness of the internal tungsten |ayer was 350- 600 k@ m?®, the

m cr ohar dness ,of .t ungst ahRide. (VR S , oo

i or onar cneeeciand EbEAEE 30 R Gan s oSBT ot

i cr ohar dRgg&irObf thlREBIRR WibeR! Wi,dds Y&@ineas 3100 kG mR. The new tungsten
subcar bi de WL2C possesses the greatest m crohardness - 3500 k@ m?.

M xtures of tungsten carbi des have internedi ate hardness val ues. 20

Mul ti1 ayery,coaty, DAS, RORISRAAS WAL B3 H0528erdel ih Blat G BEmorkt o @7 C€ On

5 ratio of the carbon-containing gas to hydrogen 0.65-0.70 and a ratio of tungsten
hexafluoride to hydrogen 0.045-0.060, and that the carbon-containing gas is heated
beforehand to temperature 570-710°C; in this case, an external layer containing a

mixture of the carbides W,C, W3C and W1,C is obtained.

10 41.  Process in accordance with claim 32, characterised in that it is performed at a
7 . ratio of the carbon-containing gas to hydrogen 0.60-0.65 and a ratio of tungsten
hexafluoride to hydrogen 0.045-0.060, and that the carbon-containing gas is heated
beforehand to temperature 570-700°C; in this case, an external layer containing a
mixture of the carbides W,C and W,C is obtained.
15
42.  Process in accordance with claim 32, characterised in that 1t is performed at a
ratio of the carbon-containing gas to hydrogen 0.40-0.60 and a ratio of tungsten
hexafluoride to hydrogen 0.045-0.050, and that the carbon-containing gas is heated
beforehand to temperature 550-680°C; in this case, an external layer containing a

20  mixture of the carbides W1C and W;C is obtained.

. 43.  Process in accordance with claim 32, characterised in that it is performed at a
ratio of the carbon-containing gas to hydrogen 0.70-0.90 and a ratio of tungsten
hexafluoride to hydrogen 0.08-0.09, and that the carbon-containing gas is heated

25  beforehand to temperature 600-720°C; in this case, an external layer containing a

mixture of the carbide W,C and tungsten is obtained.

44.  Process in accordance with claim 32, characterised in that it is performed at a
ratio of the carbon-containing gas to hydrogen 0.60-0.65 and a ratio of tungsten

30 hexafluoride to hydrogen 0.055-0.070, and that the carbon-containing gas is heated
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di anond pyram d was selected so that the inprint extended into not |ess
than four layers of the nultilayer coating. These hardness neasurenents
were al so repeated 7- 10 tinmes. 25 Determ ning the phase conposition of the
conposite coating The phase conposition of the depositspagRidsl/gigsyned by
means of X-ray and electron diffraction nmethods. X-ray studies were

carried oyfe f&f‘?l}%? t§anp a‘?ur %’65”06% d(rﬁetg}gsr casw ég g}ﬁralllﬁgxe?fco ;BS

radi ati on on e Gf Size | Ve p as% anal ysi s
of the phasgsur¥\bf WE .caldide WWBGnd eagloltaine®. carried out by identifying

the reflection lines, using ASTM data. The study of the 11
45.  Process in accordance with claim 32, characterised in that it is performed at a
5 ratio of the carbon-containing gas to hydrogen 0.35-0.60 and a ratio of tungsten
hexafluoride to hydrogen 0.050-0.070, and that the carbon-containing gas is heated
beforehand to temperature 500-690°C; in this case, an external layer containing a

mixture of the carbides W3C and W,C with tungsten is obtained.

10 46. Process in accordance with claim 32, characterised in that it is performed at a
ratio of the carbon-containing gas to hydrogen 0.20-0.35 and a ratio of tungsten
hexafluoride to hydrogen 0.045-0.070, and that the carbon-containing gas is heated
beforehand to temperature 500-680°C; in this case, an external layer containing a
mixture of the carbide W1,C and tungsten is obtained.

15
47.  Process in accordance with claim 32, characterised in that it is performed at a
ratio of the carbon-containing gas to hydrogen 0.70-0.90 and a ratio of tungsten
hexafluoride to hydrogen 0.08-0.09, and that the carbon-containing gas is heated
beforehand to temperature 600-720°C; in this case, an external layer containing a

20  mixture of the carbide WC and tungsten is obtained.

. 48.  Process in accordance with any of claims 31 to 47, characterised in that the

coatings are deposited onto frictional assemblies.

25 49,  Process in accordance with any of claims 31 to 47, characterised in that the
coatings are deposited onto forming tools used for processing materials by means of

pressing.

50.  Process in accordance with any of claims 31 to 47, characterised in that the

30  coatings are deposited onto components and units of machines and mechanisms
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PCT/ RU99/ 00037 phase content of the conpositions of tungsten carbides with
free carbon was also carried out using illumnating electron m croscopy.
Furthernore, the determining of the phase content was suppl enented by the

chem cal analysis of the total content of tungsten, cadgruaatohswporine.
For this purpose, the external |ayer of the coati ng was 5 renmoved fromthe

he.romal APaates s GoRHRt el Rabddlult RN iyl s’ o BBmefiea 5, ™

anal yti Ca|sy§té1ﬁ§n stry nethods. Exanple 1. 10

51.  Material comprising:
5 - a substrate made from construction material;

- a coating deposited on the said substrate, consisting of an internal tungsten
layer and an external layer containing tungsten carbide alloyed with fluorine in
amounts ranging from 0.0005 to 0.5 wt% and possibly with fluorocarbon
compositions with carbon content up to 15 wt% and fluorine content up to 0.5 wt%.

10
52. Material in accordance with claim 51, wherein the said tungsten carbide is

monocarbide WC.

53.  Material in accordance with claim 51, wherein the said tungsten carbide is

15  semicarbide W,C.

54.  Material in accordance with claim 51, wherein the said tungsten carbide is

subcarbide W;C.

20 55, Material in accordance with claim 51, wherein the said tungsten carbide is

subcarbide W ,C.

56.  Material comprising:
- a substrate made from construction material;

25 - and a coating deposited on the said substrate, consisting of an internal
tuhgsten layer and an external layer containing a mixture of at least two tungsten
carbides alloyed with fluorine in amounts ranging from 0.0005 to 0.5 wt% and
possibly with fluorocarbon compositions with carbon content up to 15 wt% and
fluorine content up to 0.5 wt%.

30
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A sanpl e made from carbon steel (Steel 3 in the Russian classification)
with a layer 40 of nickel of thickness 8 mdeposited on it by the

el ectrochem cal nethod is retained in a furnace at tenperature 900C in a
medi um of tungsten hexafluoride (W6) and hydrogen (HZ)caRuUBO®@30. 12 for
5 mn and then in a medi um of WF6, H2 and propane 15 (C3H3) at a ratio of

WF6 to H2 ual f 60 m n;
t he C3HB |5§,q eM%rtgF?lylﬁég?&ga%eﬁb ore gzﬁéﬁﬁc‘?@%gﬁgﬂ@ t}Lee)%eerg%:ltllg A mixture
pressure idf the daRBeoaliRg comMbik aahix@ht af the duntisich chibedds WCasdtWigChase nateri al

has an internediate 8-m 20 thick nickel layer and a conposite coating with
an internal tungsten (W layer of thickness 5 mand an external |ayer

(mxture 05f8. Ve I\%&gﬁ‘fﬂri%%c%’}%g%% VLI%EIQI?’I? SQ | c"’}zar;c)terzsed in that the external layer

5  ofthe said coating contains a mixture of the tungsten carbides W3C and W,C.

59.  Material in accordance with claim 56, characterised in that the external layer

of the said coating contains a mixture of the tungsten carbides W5C and W1,C.

10 60. Material in accordance with claim 56, characterised in that the external layer

of the said coating contains a mixture of the tungsten carbides W,C and W,C.

61. Material in accordance with claim 56, characterised in that the external layer

of the said coating contains a mixture of the tungsten carbides W,C, W3C and W,C.
15

62. Material in accordance with claims 52-61, characterised in that the external

layer of the said coating additionally contains tungsten.

63.  Material in accordance with claims 52-61, characterised in that the external

20  layer of the said coating additionally contains carbon.

‘ 64. Material in accordance with claims 52 to 63, characterised in that the internal
layer of the said coating has thickness 0.5-300 um and the ratio of thicknesses of
internal and external layers ranges from 1:1 to 1:600.
25

65. Material according to claims 52 to 64, characterised in that the said substrate
layer adjacent to the coating contains alloys with nickel content exceeding 25 wt%,

e.g. Invar, Nichrome, Monel.

30 66. Material obtained by the process described in any of claims 31 to 47.
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of thickness 40 m The m crohardness of the coating is 840 k@ m®2. The
coating has coarse inclusions of carbon black. 25 Exanple 2. A sanple made
fromstainless steel (Kh18N1OT) with a | ayer of nickel of thickness 10 m

deposited on it by the el ectrochenical nmethod is retai rpg%- %id@gaace at
tenperature NOT in a nmedi um of tungsten hexaf | uori de (WF6) an rogen

H2 t 3 t H2 d propane
ECS?—IS? at r?a{h?%l%iaflbéf‘tﬁ%@gb% ?%I%t?l?% Iﬁ?rse(?g]a ung%elb'aﬁ 5&% apr alto i 0
of C3H8 t @ofidireei@hgdtén darbideqh a&%rdﬂnﬂe wltﬁ%ny of claims 1 to 6.

68.  Multilayer coating made from alternating layers of tungsten and layers

5  containing tungsten carbide in accordance with claim 7.

69.  Multilayer coating in accordance with claims 67-68, characterised in that the
thickness of its individual layers ranges from 2 to 10 um and the ratio of the
thicknesses of the alternating layers ranges from 1:1 to 1:5.
10
70. Process for the deposition of multilayer coatings on substrates, preferably on
construction materials and items made from them, consisting of alternating layers of
tungsten and layers containing tungsten carbide or mixtures of tungsten carbides with
each other, with tungsten or with free carbon, said process to include the following
15  stages:
(a) placing the substrate in a chemical vapour deposition reactor;
(b) evacuating the reactor;
(c) heating the said substrate;
(d) supplying tungsten hexafluoride and hydrogen to the reactor;
20 (e) retaining the substrate in the said gaseous medium for the time interval
necessary for the formation of the tungsten layer on the substrate;
‘ (f) in addition to the said tungsten hexafluoride and hydrogen, supplying a
previously thermally activated carbon-containing gas to the reactor;
(g) retaining the substrate in the gaseous medium formed at stage (f) for the
25  time necessary for the formation of the outer layer containing tungsten carbide or
mixtures of tungsten carbides with each other, with tungsten and with free carbon;
stages (d) to (g) are repeated several times in order to form alternating layers of

tungsten and layers containing tungsten carbides.

30 71, Process in accordance with claim 70, characterised in that it is conducted at

reactor pressure 2-150 kPa, substrate temperature 400-900°C, ratio of carbon-
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C3H8 was activated beforehand at 840C and the reaction m xture pressure is
8.8 kPa. The material obtained with stainless steel (Kh18N10OT) as the base
material has an intermediate 10-mthick nickel |layer and a conposite
coating with an internal 5 tungsten (W layer of thickngsgrygd)qag; an
external layer (m xture of WC and free carbon) of thickness 35 m The

i crohar dness. of th ting | 50, k . le 3. 10 A | d
i om ot ol APBREE: 681 o RAIHAOT)-1od P! Sec gy o PR iogt (h SAEEE 7 m

deposi tedpgp.d {2 by the el ectrochem cal nethod is retained in a furnace at
tenperature 700C in a nedi um of tungsten hexafl uoride (W6) and hydrogen
(H2) at ratio 0.085 for 1 mn and then in a nmediumof W6, H2 and propane

(G3Hg) at 7%. ra&>iroocess in accordance with claim 70, characterised in that, before the
5  application of a coating to materials or items made from materials selected from a
group including iron, carbon steels, stainless steels, cast irons, titanium alloys and
hard alloys (cemented carbides) containing titanium, a coating is applied to them
consisting of materials which are chemically resistant to hydrogen fluoride, namely
nickel, cobalt, copper, silver, gold, platinum, iridium, tantalum, molybdenum and
10  alloys, compounds and mixtures of these, by electrochemical or chemical deposition

from aqueous solutions, electrolysis of melts or physical and chemical vapour

deposition.

73.  Process in accordance with any of claims 70 to 72, characterised in that the

15 coating is deposited onto friction assemblies.

74. Process in accordance with any of claims 70 to 72, characterised in that the
coating is deposited onto a forming tool used for processing materials by means of
pressing.
20
75.  Process in accordance with any of claims 70 to 72, characterised in that the
. coating is deposited onto units of machines and mechanisms operating with

compressed gases and liquids or of other pneumatic or hydraulic systems.

25 76.  Construction material comprising a substrate and a multilayer coating
consisting of alternating layers of tungsten and layers containing tungsten carbide
alloyed with fluorine in amounts ranging from 0.0005 to 0.5 wt% and possibly with
fluorocarbon compositions with carbon content up to 15 wt% and fluorine content up
to 0.5 wt%.
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of W6 to H2 equal to 0.085 and a ratio of C3H8 to H2 equal to 1.2
mn; the 15 C3H8 is thermally activated beforehand at 770C and the reaction

m xture p
st ai nl ess
7 mthick

| ayer
The m cro

ressure is 5.2 kPa. The construction material thus obtain
steel (Kh18N1OT) as the base material has arpdTViR@I9vRsH03Y
ni ckel | ayer and a conposite coati ng with an 20 internal

T andugeti Pl FH 805 (o P SEY fheutl RS

for 2.0

ed with

e

t ungst en
8 m

A sanpl e

made fromardnahdalbsR®al ed carbide) VK- 10 is retai ned in the reaction

10

15

20

25
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78.  Material in accordance with claim 76, wherein the said tungsten carbide is

tungsten semicarbide W,C.

79. Material in accordance with claim 76, wherein the said tungsten carbide is

tungsten subcarbide W3C.

80.  Material in accordance with claim 76, wherein the said tungsten carbide is

tungsten subcarbide W,C.

81.  Construction material comprising a substrate and a multilayer coating
consisting of alternating layers of tungsten and layers containing a mixture of at least
two tungsten carbides alloyed with fluorine in amounts ranging from 0.0005 to 0.5
wt% and possibly with fluorocarbon compositions with carbon content up to 15 wt%

and fluoride content up to 0.5 wt%.

82. Material in accordance with claim 81, wherein the said carbide layers contain

a mixture of tungsten carbides WC and W,C.

83.  Material in accordance with claim 81, wherein the said carbide layers contain

a mixture of tungsten carbides W,C and W3C.

84.  Material in accordance with claim 81, wherein the said carbide layers contain

a mixture of tungsten carbides W5C and W1,C.

85.  Material in accordance with claim 81, wherein the said carbide layers contain

a mixture of tungsten carbides W,C and W1,C.
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chanmber at tenperature 650C in a nedium of tungsten hexafluoride (W6) and
hydrogen (H2) at ratio 0.08 for | mn and then in a nmediumof W6, H2 and
propane (C3H3) at a ratio of W6 to H2 equal to 0.08 and a ratio of C3Hg
to H2 equal to 0.95 for 80 min; the C31-18 is thernal lyca®iioied7
bef orehand at 730C and the reaction 30 m xture pressure ?7?8 8 kPa. 13

86.  Material in accordance with claim 81, wherein the said carbide layers contain

a mixture of tungsten carbides W;C, W3C and W,C.

87.  Material in accordance with any of claims 76 to 86, characterised in that the

5  said carbide layers additionally contain tungsten.

88.  Material in accordance with any of claims 76 to 86, characterised in that the

said carbide layers additionally contain carbon.
10 89.  Materials according to any of claims 76 tO 88, characterised in that the
. thickness of its layers ranges from 2 to 10 um and the ratio of the thicknesses of the

alternating layers ranges from 1:1 to 1:5.

90.  Construction material obtained by any of the processes described in claims 70

15  to72.
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